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(57) There is provided a nickel-base alloy with serv- 
ice strengthening properties. When exposed to ethylene 
pyrolysis conditions, the alloy fomns MgC and MC car- 
bides that strengthen the alloy. The alloy may be formed 
into internally finned tubing. It consists essentially of 



0.06-0. 14% carbon, 35-46% nickel. 22.5-26.5% chromi- 
um, 0-1.5% manganese, 0.5-2% silicon, 0.1-1% titani- 
um, 0.05-2% aluminium, 1-3% molybdenum, 0.2-1% 
niobium, 0.1-1% tantalum, 0-0.3% tungsten. 0-0.008% 
boron. 0-0.05% zirconium, and the balance iron with 
trace commercial impurities. ^ * 
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Description 
TECHNICAL FIELD 

s The instant alloy relates to nickel-base alloys in general and, more particularly, to an alloy especially useful for 

ethylene pyrolysis applications. 

BACKGROUND ART 

10 Ethylene pyrolysis involves the cracking of hydrocarbons and steam mixtures in a furnace to produce ethylene, a 

basic raw material used in the polymer and synthetic fiber industries. The process is usually carried out in tube coils 
heated to about 800-1000*0. 

Currently, cast alloy HK40 or wrought alloy 800 tubes are used, A recent trend in the industry is to improve through- 
put by increasing temperatures and decreasing the residence time. These demands call for an alloy having improved 
IS creep strength and carburization resistance to about IIOCC. 

It is also useful to employ internally finned tubes to increase the surface area of the piping. This technique further 
increases the efficiency of the pyrolysis process. . 
Current alloys tend to coke in certain cases. Decoking procedures require expensive down time. J 
There have been attempts to develop and/or adapt alloys for ethylene pyrolysis sen/ice. Alloys HK40, HPtA and 
20 the 800 series have met with varying degrees of success. 

The problem appears to be that the ailoys carburize in sen/ice primary as a result of coking. 
There is a need for an alloy especially adapted for ethylene pyrolysis operations. 

SUMI^ARY OF THE INVENTION 

2S 

Accordingly, there is provided a composition of matter with improved properties that result in superior performance 
in ethylene pyrolysis service. The focus of these efforts is on (1) enhancing carburization resistance while reducing 
the tendency to coke, (2) providing adequate oxidation resistance for the outside diameter of the tubing enabling higher 
temperature exposure (about lOaS^C to 1149" C), and (3) improved creep and stress rupture properties to ensure 
30 adequate life (a minimum of about 50,000 hours) while not embrittling the alloy due to deleterious phases. Moreover; 
the alloy is amenable to internally finned tubing fabrication. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 Figure 1 is an oxidation test graph at lOOO^C. 

Figure 2 is an oxidation test graph at HOCC. 

Figure 3 is a carburization test graph at lOOO'C. 

Figure 4 is a carburization that graph at 1100'C. 

Figure 5 is a carburization test graph at 1000'*C. 
40 - Figure 6 is a carburization test graph at llOO^C. 

PREFERRED MODE FOR CARRYING OUT THE INVENTION 

The instant invention includes in weight percent about 0.06-0.1 4%C, about 35 46%Ni. about 22.5-26.5%Cr, about 
45 0-1.5%fvln, about 0.5-2% Si. about 0.1-1%T1, about 0.05-2%%AI, about 1-3%Mo, about 0.2-1%Nb, about 0.1-l%Ta, 
about 0-0.3%W, about 0-0.00a%B, 0-0.05%Zr, and the balance essentially Fe with typical amounts of commercial trace 
and tramp elements. 

For the purpose of this specification, the adjective "about" before at least one member of a series shall be construed 
to apply to ever/ following member of that series. 
50 The alloy is designed to be electric furnace melted, Argon-Gxygen-Decarburization (AGO) refined, and teemed 

into ingots suitable for preparation by forging or hot roiling into extrusion billets, importantly, the alloy is capable of 
being cold-wort<ed into tubing with internal fins. Such internal geometries are essential for rapid heat transfer in modern 
high velocity ethylene pyrolysis production furnaces. Finally, field fabrication of the furnace requires a degree of weld- 
ability and repairability. 

S5 The resultant alloy possesses superior carburization resistance as compared to current commercial ethylene py- 

rolysis alloys such as INCOLOY® alloy 800HT®, 803. HK40 and HPfVl. (INCOLGY and 800HT are trademarks of the 
Inco family of companies). 

For ease of comparison. Table 1 below shows the approximate compositions {in weight per cent) of some ofthe 
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currently available ethylene pyrolysis alloys. 



TABLE 1 



10 



25 



30 



35 



45 



SO 



55 





HPM 


803 


800HT® 


HK40 


%c 


0.12 


0.09 


0.08 


0.4 


%Mn 


1.11 


0.87 


* 


1.5 


%Fe 


32 


35.2 


46 


56.35 


%S 


<0.03 


0.0002 


* 


* 


%S1 


1.83 


0.66 


<1.00 


1.75 


%NI 


38 


35.91 


32.5 


15 


%Cr 


24.4 


25.61 


21.0 


25 


%AI 


0.02 


0.57 


1.0 




%Ti 


0.5 


0.56 






%Co 




0.07 






%Mo 


1.43 


0,07 






%Nb 


0.01 


0.37 






%P 


<0.02 


0.016 






%Ta 




0.003 






%W 




0.035 






%B 




0.0013 






%Cu 




<0.75 







in addition and apparently critical in concept, is the discocery that the instant alloy range defined above is uniquely 
capable of enhancing its already superior stress rupture strength by exposure to the ethylene pyrolysis environment. 
As far as is known, no other alloy range is capable of this effect to the degree exhibited by the instant alloy Other 
ethylene pyrolysis alloys are improperly fomiulated to exploit this discovery to the fullest in the temperature range of 
interest (1 038°C to 1 1 49'C) and in the ethylene pyrolysis environment. The phenomenon of sen/ice enhanced strength- 
ening CSES-) results from a judiciously balanced addition of refractory metal elements (Mo, Nb, W and Ta) that form 
M6C and MC carbides at the anticipated service temperatures (1038-C to 1149-C) thereby inhibiting dislocation creep 
and grain boundary sliding that result in alloy creep and ultimately, to stress rupture failure. 

The carbon range is critical. To ensure satisfactory finned tube manufacture, the carbon content should not exceed 
about 0 1 4% to assure adequate room temperature ductility and optimally less than about 0.1 2%C. On the other hand, 
a minimum high temperature strength is required to sustain the dimensional stability (creep resistance) of the al oy 
while the strength is being enhanced by the carboneous environment. This is achieved by a minimum carbon level of 
about 0 06% The carbon level is optimally defined by the range of about 0.06%-0.12% carbon by the fact that it has 
been discovered that a conventional final anneal temperature range of about 1177-C to 1232'C will grow the grain 
size to the ASTM grain size range of #4 to »2 which is ideally sought for enhancing both stress rupture strength and 
thermal fatigue resistance. Since refractory elements contribute substantially to solid solution strengthening, acceler- 
ated work hardening rates and the fomialion of embrittling phases, these elements should be controlled to narrow 
ranges to accomplish SES accelerated wort; hardening rates and the formation of embrittling phases while not con,- 
promising finned tube manufacture, weldability and alloy embrittlement which reduces themnal fatigue res«tance. If 
the carbon/refractory metal element ranges are maintained within the limits of this invention, substantial ductilrty is 
retained in the alloy which enhances themial shock resistance and repairability. 

In this regard. Cr content is also crrtical. Altoys containing greater than about 26.5%Cr may torn, sigma phase 
dispending on composition and environmental conditions making repairability impossible. Converaely about 22^5 /.Cr 
is crS tSr development of a dense, adherent chroma (Crp^) scale which provides the alloy with superior oxidation 
and carburization resistance and m«iimizes the tendency tor coking. Chromium will react with carbon to form chromium- 
S^h Xc, in high nickel austenilic alloys (examples of which include INCOLOY® alloys 800HT® and 903. HK40 and 
HPM )Sfs carbide tends to be stable between about 540-C and 900-C and will contribute to of the alloy in this tem- 
perature range as the quantity increases over time either due to precipitation of indigenous carbon or due to carbon 
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15 



20 



25 



30 



rr:r :r=r^^^^^^^ ^ .e .a... nance, .IS ca..e . unsatls.ac.o. 

Tai^ZTTjT^r^^oS^^^^ -'---V elements. Mo. W, Nb and Ta. are stable above 

^houfgSJ al are ralattely resistant to particle coarsening. These carbides, (orrmed on dislocations voids, twm and 
about 900 C and are reiaiivery res ^ dislocations that retard creep and ultimately, stress 

Slip l,nes and gra.n '^"J,^^;^; .^^^^^ ingress from the ethylene pyrolysis atmosphere will pro- 

^rsrv^^re^ct'llU':^^^^^^^^^ 

^^■'^^ellcir S 'ayer which aids in retarding carbon ingress thereby 

tungsten, 0-0.006% boron, <^ '^l-°-''^' f''^^^^^^^^^ nlcK^I. 24-26% chromium, 0.6-0.9% 

A P-'--^;™-^^^ lumln"::, 1 3^:?% moi;bdenum. 0,25-0.6% n.obium, 

nr4S\an;a:um,^iS%'^^^^^^^^^ -0.005% boron, 0.01 ^.03% Zirconium, and the balance iron. 
■ A number of experimental heats were made to test the efficacy of the invention. 

EXAMPLE 1: 

.. , ^- ,>,™„ n ii<!/r 0 02% Mn 1 8%SI. 0.28% Ti. 0.21%A1, 44%Ni ,25.2%Cr, 1.5%Mo, 0.4%Nb, 
Si .^204-c ».thiWm«ul.. ana «»q.en*M.™es»~s..p.». propels.. 980 C«3,68 MPs ar. as 

follows: 



35 



As-Annealed 


Rupture Life Hours 


Elongation (%) 


742 


37 



40 



50 



EXAMPLE 2 : 

^ . ^ 1 y .^^^ j^j^^ ^gjg annealed at 1121 C/20 minutes 

ba ance Fe. was cast, not and cota worKsa lu u.u^v,.. v / .nonor/on rr MPa am as follows- 

followed by 1 232'C/30 minutes and water quenched. The stress rupture properties at 980 C/20.68 MPa are as follows. 



As-Annealed 


After 300 Hours at 100C 


)''C in H2-1%CH4 


Rupture Life (hours) 


Elongation {%) 


Rupture Life (Hours) 


Elongation (%) 


1253 


45 


3696 
3748 


40 
38 


Note the retention of ductility despUa Uie Ihiee-lolU uicied;,u in lilu. i 
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EXAMPLE 3: 
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l232'C/30 minutes and water quenched. The stress rupture properties at 9aO'C/20.6a MPa are as follows: 



As-Annealed 


Aner300 Hours at 100C 


3-Cin H2-r/oCH4 


Rupture Life (Hours) 


Elongation (%) 


Rupture Life (Hours) 


Elongation (%) 


763 


48 


2303 
2S75 


45 
37 



EXAMPLE 4: 



Because wrought alloy tubing for stearr, methane reforming is of Interest as well as tubing athytene pyrolys's. 
a heat within the optimum carbon range (about 0.06-0.12%) having the composition of about 0.104 /.C, 0.301%Mn. 
1 SSsTS^geiNf 25 12%Cr. 0.44%U 0,12%AI. 1 .53%l^o, 0.387%Nb, 0.23%Ta. 0.003%W. 0.0029%B, balance Fe 
was cast, hot and cold worked to 0.635 cm (0.25 Inch) flats and annealed at 1 232°C/30 minutes and water quenched. 
The stress rupture properties for this heat are as follows: f 



As-Annealed 


After 300 Hours at 1000"C in H2-1%CH4 


980"C/20.68 MPa 


980''C/2( 


).68 MPa 


Rupture Life (Hours) 


Elongation (%) 


Rupture Life (Hours) 


Elongation (%) 


670 




3733 


47 






After 300 Hours at 1000*»C in H2-5.5%CH4-4.5%C02 






980" C/2 


0.68 MPa 






Rupture Life (Hours) 


Elongation (%) 






1706 


33 


Note the greater imprc 
carbon ingress into the tes 
refornning atmosphere with 


vement in stress rupture lite associated with the atmosphere wiui iiie yieaiei idia ui 
t specimen. The H2-5.5%CH4.4.5%C02 atmosphere mimics a typical steam methane 
respect to its carbon and oxygen potentials. 
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As -Annealed 


After 300 Hours at 1000*C in H2-1%CH4 


1093°C/10.34 MPA 


1 093** C/1 0.34 


MPA 


Rupture Lite (Hours) 


Elongation (%) 


Rupture Life (Hours) 


Elongation (%) 


145 


32 


4541 


10 






After 300 Hours at 1000'C in H2-5.5%CH4-4.5%C02 








iMPa 






Rupture Lite (Hours) 


Elongation (%) 






765 


56 


Note that the efle 


ct of atmosphere is again evident. 



EXAMPLE 5: 

As an example of a composition that fails to respond to SES, the following composition 0 081%C. 0.88%Mn 
0 TO^sf ssS 25 5%Cr 0.60%Ti, 0.57%AI. 0.07%Mo, 0.07%Nb. <0.01%Ta, 0.0005%B. balance Fe was cast, 
Sot^d co!d v^S to 0.635 cm (0.25 inch) flats and annealed a, 1 232-C/30 minutes and water quenched. The stress 

rupture properties are as follows: 
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As-Annealed 


After 300 Hours ate 1000*'C in H2-5.5%CH4-4.5%C02 


980*0/20.68 MPa 


980*'C/20.6a MPa 


Rupture Life (Hours) 


Elongation (%) 


Rupture Life (Hours) 


Elongation (%) 


357 


30 


206 


80 






190 


83 


As- Annealed 


After 300 Hours at lOOO'C in H2-5.5%CH4-4.5%C02 


1093'C/10.34 MPa 


1093*C/1 0.34 MPa 


Rupture Life (Hours) 


Elongation (%) 


Rupture Life (Hours) 


Elongation (%) 


142 


54 


137 


86 






221 


97 



20 



To further test the viability of the instant invention, oxidation and carburization resistance tests were run on a series 
of heats made in accordance with the instant invention. * 

Table 2 shows the composition of additional heats A, B, C and D in weight percc it which are within .the range of 
the invention. 

Figures 1 and 2 illustrate the oxidation resistance in an atmosphere consisting of air + 5% water vapor at 1000'C 
and 1100°C, respectively. Alloys 800HT, 803 and HPM are from currently produced compositions. The results of the 
oxidation test at lOOO^C and 1100'C reveal that the instant alloy, is satisfactory for ethylene production. 



TABLE 2 



35 



40 



45 



50 



ADDITIONAL HEATS 




A 


8 


C 


D 


%C 


0.082 


0.082 


0.114 


0.086 


%Mn 


0.015 


0.299 


0.061 


0.22 


%Fe 


26.23 


25.77 


26.08 


29.83 


%S 


0.0007 


0.0009 


0.0006 


0.001 


%SI 


1.51 


1.97 


1.81 


1.62 


%Ni 


44.16 


43.90 


44.01 


41.56 


%Cr 


25.22 


25.14 


25.13 


23.63 


%AI 


0.13 


0.12 


0.055 


0.11 


%T1 


0.45 


0.45 


0.501 


0.41 


%Co 


.0.0023 


0.0040 


0.0065 


0.05 


%Mo 


1.54 


1.53 


1.46 


1.43 


%B 


0.0037 


0.0026 


0.0024 


<0.001 


%Nb 


0.396 


0.392 


0.387 


0.37 


%P 


0.0001 


0.0003 


0.0007 


0.014 


%Ta 


0.21 


0.23 


0.22 


0.25 


%W 


0.003 


0.003 


0.004 


0.11 



The carburization tests in an atmosphere consisting of H2-5.5%CH4-4.57oC02 at 1000* C and 1 100* C are shown 
in in Figures 3 and 4 respectively. This carburizing atmosphere best simulates an ethylene pyrolysis environment. The 
carburization data for the instant alloy exhibits a snnall mass change for each test temperature. This small mass gain 
suggests that the service life of the instant alloy will be longer due to the fact that HPM alloy and alloy 803, at the higher 
temperature, will be saturated with carbon in a shorter time allowing these alloys to become brittle, ultimately leading 
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to failure. 

In a more severe carburizing atmosphere consisting of H2- 170CH4 the mass change is approximately the same 
between the instant alloy and alloy HPM at 1000'C and 1100«C. See Figures 5 and 6. 

However, the more severe reducing carburizing atmosphere (H2-1%CH4) is not the best replication of the ethylene 
s pyrolysis environment that the alloys will see in service. The previously discussed carburizing/oxidizing environment 
(H -5 5%CH4^.5%C02) is a more realistic test environment, since there will be a relative amount of oxygen present 
to produce a protective oxide scale which will enhance the carburization resistance. But it demonstrates the usefulness 

of the alloy. ^ _ 

■ Heats A, B and C were processed by vacuum induction melting and hot rolling to 1 .55cm (5/8*) rods. Heat D was 

70 a production heat that was AOD melted to extrusion billets and tube-reduced to a standard ethylene 7cm (2.75*) 00 
straight fin tube. Heat D was also produced to a 1 .0cm (3/4") thick plate. 

It is evident that the new alloy exhibits a preferred corrosion resistance for ethylene pryolysis sen/ice. The data 
clearly supports this finding as indicated in the figures. The data demonstrate that the strength capabilities are supenor 
to that of other ethylene pyrolysis alloys. 

IS While in accordance with the provisions of the statute, there are illustrated and described herein specific embod- 

iments of the invention, those skilled in the art will understand that changes may be made in the form of the invention 
covered by the claims and that certain features of the invention may sometimes be used to advantage wjlhout a cor- 
responding use of the other features. 



20 



25 



35 



45 



Claims 



1 A service enhanced strengthened nickel-base alloy consisting essentially of about 0.06-0.14% carbon. 3546% 
nickel 22 5-26 5% chromium. 0-1.5% manganese. 0.5-2% silicon. 0. 1 -1% titanium, 0.05-2% aluminum. 1 -3% mo- 
lybdenum, 0.2-1% niobium. 0.1- 1% tantalum. 0-0.3% tungsten. 0-0.008% boron. 0^.05% zirconium, and the 
balance iron with trace commercial impurities. 

2. The alloy according to claim 1 including about 0.06-0.1 2% carbon. 

3 The alloy according to cteim 1 including about 0.07-0.12% carbon. 38-45% nickel, 23-26% chromium. 0.5-1% 
manganese. 0.8-2% silicon. 0.2-0.8% titanium. 0.2-1% aluminum. 1-2% molybdenum. 0.2-0.8% niobium, 
0.15-0.6% tantalum. 0-0.25% tungsten. 0-0.006% boron, 0.005-0.04% zirconium, and balance iron. 

4 The alloy according to claim 1 including about 0.08-0,11% carbon. 41-44% nickel, 24-26% chromium. 0.6-0.9% 
manganese 1-1.7% silicon. 0.2-0.6% titanium. 0.25-0.55% aluminium. 1 .3-1 .7% molybdenum. 0. 25-0.6% niobium. 
0.15-0.45% tantalum. 0-0.27o tungsten. 0.001-0.005% boron. 0.01-0.03% zirconium, and balance iron. 

5 The alloy according to claim 1 including about 0.082-0.1 14%C. 0.015-0.29%Mn. 25.77-29.93%Fe, 
' 0 0006-0 001 %S. 1.5l-1.97%Si. 41 .5644.1 6%Ni. 23.63-25.22%Cr. 0.055-0. 1 3%AI. 0.41-0.5%T.. 

o!o023-o!o5%Co. 1.43-1.54%M0. 0.0024-0.001%8. 0. 370-0. 396%Nb. 0.0001 -0.01 4%P, 0.21-0.25%Ta. and 
0.003-0.1 1%W.^ 

6. The alloy according to claim I including about 0.11%C. 0.02% Mn. 1.8%Si. 0.28% Ti. 0.21% Al. 26.2%Cr, 1 .5%Mo. 
0.4%Nb, 0.22%Ta. 0.009%»Zr. 44%Ni, and balance iron. 

7. The alloy according to claim I including about 0.082%C. 0.0l5%Mn. 1.51%Si. 44.16%Ni. 25.22%Cr. 0.45%^. 
0,137oAI. 1,54%Mo. 0.39%Nb. 0.21%Ta. 0.0037%B and balance iron. 

8. The alk^y according to claim 1 including about 0.061%C. 0.295%Mn, 1,53%Si. 44.13%Ni. 25.18%Cr. 0.46%'n, 
so 0. 1 2%AI; 1 ,54%(Vlo. 0.391 %Nb. 0.23%Ta. 0.0026%B. and balance Fe. 

9 The alloy according to claim 1 including about 0.104%C. 0.301%Mn. 1.96%Si. 43.96%Ni. 25,12%Cr, 0.44%Ti. 
0.12%A1. 1.53%Mo. 0.387%Nb. 0.23%Ta, 0.003%W. 0.0029%B. and balance Fe. 

55 10. The alloy according to claim I including about 0.61-0.11%C. 0.02^.3%Mn. '•^'■^''-^I'^^f^^^^^^^ 

0.12-0.21%AI,43.96 44.l6%Ni. 25.l2-25.2%Cr. 1.5.1.53%Mo. 0.387-0.4%Nb. 0.21-0.23%Ta. 0.0026-0.005%B. 

and balance Fe. 
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11. The use of an alloy as claimed in any one of cfainns 1 to 10 in a carbon-containing environment at an elevated 
temperature, preferably in an ethylene pyrolysis cracking furnace, or a steam methane reforming reactor. 

12. The use as claimed in claim 11, wherein the alloy is formed into a lube, preferably a finned tube. 

13. The use as claimed in claim 10 or claim 11, at a temperature of at least 900*0. 
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Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT l OI', BOTTOM OR SIDES 
.J^-FaDED text or DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 
Q SKEWED/SLAJMTED IMAGES 

O COLOR OR BLACK AND WHITE PHOTOGRAPHS 
Q GRAYSCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ i^FERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES AI^ BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



